[Os(PHMes*)H(PNP)] (5)
Route A: 4 (30 mg, 34.9 µmol, 1.0 eq) and CoCp2 (6.6 mg, 34.9 µmol, 1.0 eq) are dissolved in pentane (3 mL) and stirred for 5 minutes at room temperature. After filtration and extraction of the residue with pentane (3 x 1 ml) the solvent is evaporated. After column chromatography (silanized silica, pentane), the solvent is evaporated. 5 is obtained after lyophilization as a dark green powder (23 mg, 27.9 µmol, 80%). Route B: [OsCl2(PNP)] (35 mg, 56.7 µmol, 1.0 eq) and CoCp2 (21.4 mg, 113.3 µmol, 2.0 eq) are dissolved in C6H6 (3 mL) and stirred for 2 minutes at room temperature. PH2Mes* (15.8 mg, 56.7 µmol, 1.0 eq) is added and stirring is continued for additional 4 hours. The solvent is removed and the crude product is extracted with pentane (5 x 1 mL) and the solvent is evaporated. After column chromatography (silanized silica, pentane), the solvent is evaporated. Lyophilization yields 5 as a dark green powder (41. 
[Os(PMes*)H(PNP)] (6)
Route A: 5 (10.0 mg, 12.1 µmol, 1.0 eq) and TEMPO (5.7 mg, 38.4 µmol, 3.0 eq) are dissolved in pentane and stirred for 10 minutes at room temperature. After column chromatography (silanized silica, pentane) and removal of the solvent, 7 is obtained as a violet powder (9.0 mg, 10.9 µmol, 90% Route B: 5 (10 mg, 12.1 µmol, 1.0 eq) is dissolved in THF (1 mL) and cooled to -80°C. Ag[Al(Ot Bu-F9)4] (13 mg, 12.1 µmol, 1.0 eq) is added and the solution is stirred for 30 seconds. KOtBu (1.4 mg, 1.0 µmol, 1.0 eq) is added and stirring is continued for three minutes. After evaporation of the solvent the crude product is extracted with pentane and purified by chromatography (silanized silica, pentane). NMR spectra (-30°C) were identical with spectra of the product obtained by route A.
[Os(5,7-di-tert-butyl-3,3-dimethyl-2,3-dihydro-1H-phosphindole)H(PNP)] (7)
Complex 6 prepared by route A is dissolved in benzene-d6 (0.5 mL), transferred to a J-Young NMR tube and stirred at room temperature until complete conversion of 6 is detected by NMR. Lyophilization yields a brown powder as a mixture of the two diastereomers of 7 in a ratio about 60 (A) : 40 (B) according to NMR spectroscopy. Anal. Calcd for C39H70NOOsP3 (825. The EPR spectrum of complex 5 is shown in Figure S6 . The spectrum reveals fully resolved 31 P hyperfine interactions (HFI) and partially resolved 189 Os (16% natural abundance) HFI satellites. Simulation of the spectrum assuming coaxial g-and 31 P hyperfine A-tensors (W95EPR) yields 31 P hyperfine values ( Figure S6 ) that deviate largely from the DFT calculated ones (Table S1) However, closer inspection of the DFT calculated EPR parameters reveals that the g-tensor of complex 5 is strongly tilted with respect to the molecular symmetry axes ( Figure S7 ). This is most likely caused by predominant spin orbit coupling involving the SOMO and HOMO of 5 along these g-tensor axes.
S7
Figure S7. The electronic g-tensor directions of complex 5 are strongly tilted w.r.t. the molecular symmetry axes of the molecule.
In contrast, the 31 P hyperfine A-tensor is closely aligned with the molecular symmetry axes ( Figure S8 ). In combination with the abovementioned strongly tilted g-tensor directions w.r.t. the molecular symmetry axes, the g-and A-tensors of complex 5 are not coaxial ( Figure S9 ), with large DFT computed Euler angles of α = −74.3°, β = +142.7° and γ = −7.5°. Similarly, the 189 Os hyperfine interaction (HFI) tensor (16% natural abundance; HFI tensor roughly aligned along the symmetry axes of the molecule) is rotated with respect to the electronic g-tensor, with computed Euler angles of α = +90.5°, β = +51.7° and γ = +106.5°. It is therefore clear that the experimental spectrum needs to be simulated using non-coaxial g-and A-tensors, the thus obtained simulation provides an excellent fit with g-and A-tensor values and Euler angles that closely match the DFT calculated EPR parameters ( Figure S10 , Table S1 ). Sim.
189
Os satellite Figure S10 . EPR spectrum of 5 (black), toluene, 148K, 9.436620 GHz, simulation using non-coaxial g-and 31 P A-tensors (red) using parameters shown in Table S1 . Table S1 . Experimental [a] and DFT calculated [b] EPR parameters of 5.
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Titration Calorimetry ITC in benzene
The Bond Dissociation Energy (BDE) of 5 was determined by Isothermal Titration Calorimetry using a TA INSTRUMENTS NanoITC equipped with a 24K gold cell (1 mL sample volume) and a 250 µL titration syringe operated in overfill mode. The instrument was run under an inert atmosphere inside an argon filled glove box. The syringe concentration was chosen to be 6.4 times higher than the cell concentration to have a titration range from 0 to 2 eq. 2,4,6-Tris-tert-butylphenoxyradical (Mes*O; BDE(O-H) = 81.6 kcal/mol) [4] was used as titrant. Both reactant solutions were prepared with Na/K dried benzene with a sample mass of more than 10.0 mg for sufficient accuracy. Titrations were carried out at 10 °C to suppress decay of 6 to 7 and corrected vs. addition of Mes*O to pure benzene in the sample cell (18 µJ p. addition). Further experimental conditions are detailed in Table S1 . The data was evaluated using the implemented NanoAnalyze software.
[5] A representative thermogram is shown in Figure S25 . The first two peaks of each titration were generally neglected due to diffusion of reactant solution into the cell during equilibration of the instrument. Around the addition of one equivalent of Mes*O, the peaks show increased tailing, which is tentatively attributed to follow-up reactivity of 6. The P-H BDE was therefore determined at an early titration stage from the average of injections 3-6 (Tables 2 and 3) while reliable BDFE determination was not possible. A cumulative error of 5 % for stock solution concentrations was estimated from the fitted n-value (0.95) which gives rise to an error in ∆H of 0.8 kcal/mol. 
ITC in THF
The BDE measurement was also performed in THF to calculate a pKA value of 5 via the Bordwell equation: BDE = 23.06E 0 + 1.37pKA + CH. Where CH(THF) = 66 kcal/mol. [6] Otherwise, the experimental procedure was carried out as described above using the parameters listed in Table S5 . Concentration . [7, 8] This results in a BDE of 84.5 kcal/mol for Mes*O/Mes*OH. The pKA value of 9 was calculated using E 0 (5) = -0.88 V and BDEP-H(5) = 67 kcal mol -1 :
Crystallographic Details Suitable single crystals for X-ray structure determination were selected from the mother liquor under an inert gas atmosphere and transferred in protective perfluoro polyether oil on a microscope slide. The selected and mounted crystals were transferred to the cold gas stream on the diffractometer. The diffraction data were obtained at 100 K on a Bruker D8 three-circle diffractometer, equipped with a PHOTON 100 CMOS detector and an INCOATEC microfocus source with Quazar mirror optics (Mo-Kα radiation, λ = 0.71073 Å). The data obtained were integrated with SAINT and a semi-empirical absorption correction from equivalents with SADABS was applied. The structures were solved and refined using the Bruker SHELX 2014 software package. [9] All non-hydrogen atoms were refined with anisotropic displacement parameters. All C-H hydrogen atoms were refined isotropically on calculated positions by using a riding model with their Uiso values constrained to 1.5 Ueq of their pivot atoms for terminal sp3 carbon atoms and 1.2 times for all other atoms.
X-ray Single-Crystal Structure Analysis of 4
Figure S28. Thermal ellipsoid plot of 4 with the anisotropic displacement parameters drawn at the 50% probability level. The asymmetric unit contains one disordered complex molecule and one disordered pentane solvent molecule. The disordered Os(PNP)-part of the complex molecule was refined with population of 0.915(2) on the main domain using some restraints and constraints (SADI, RIGU, EADP). The disordered -C(CH3)3-part of the complex molecule was refined with population of 0.737(7) on the main domain using some restraints (SADI, RIGU,). The disordered solvent molecule was refined using PART-1 command and some restraints (SADI, RIGU) and constraints (EADP). The Os-H and P-H hydrogen atoms were found from the residual density map and isotropically refined. (113) 70 (2) 
116 ( (14) 52.8(3) C(17)-P(2)-C(13)-C (14) 161.0(3) Os(1A)-P(2)-C(13)-C (14) -63.9(4) Os(1)-P(2)-C(13)-C (14) -57.5(3) C (12) (2) 172.4(3)
168(3) ____________________________________________ ____________________ Symmetry transformations used to generate equivalent atoms:
X-ray Single-Crystal Structure Analysis of 5 Figure S29 . Thermal ellipsoid plot of 5 with the anisotropic displacement parameters drawn at the 50% probability level. The asymmetric unit contains one disordered complex molecule and two half pentane solvent molecules located at special positions. The disordered complex molecule was refined with population of 0.71(1) on the main domain using some restraints (SADI) and constraints (EADP). The Os-H and P-H hydrogen atoms were found from the residual density map and isotropically refined. 
-43.7(5) C (7) . Thermal ellipsoid plot of 8 with the anisotropic displacement parameters drawn at the 50% probability level. The asymmetric unit contains one disordered complex molecule. The disordered complex molecule was refined with population of 0.682(7) on the main domain using some restraints and constraints (RIGU, SADI, EADP). The P-H hydrogen atom was found from the residual density map and isotropically refined. The structure was refined as an inversion twin using the twin law -100 0-10 00-1 (BASF: 0.061(16)). The reflections -2 2 4, 1 4 4, 0 1 9 and -2 1 10 are removed from the refinement using OMIT commands. Table S14 . Crystal data and structure refinement for 8. . Thermal ellipsoid plot of 9 with the anisotropic displacement parameters drawn at the 50% probability level. The asymmetric unit contains a half disordered complex molecule, a half disordered [Al{OC(CF3)3}4] -anion and a half diethyl ether solvent molecule. The disorder was refined with site occupation factors of 0.5 for both sites using PART commands and some restraints and constraints (SADI, RIGU, EADP). The Os-H hydrogen atom was found from the residual density map and isotropically refined using DFIX. Table S17 . Crystal data and structure refinement for 9.
Identification code

Identification code mo_CW_JA_180917_2_0m_a (JA-v-75
Empirical formula C58H81AlF36NO5OsP3
Formula weight 1866.32 
